
ROYAL SOCIETY OF CHEMISTRY
ANALYTICAL DIVISION

NE Region

SCHOOLS’ ANALYST COMPETITION 2001

Regional Heat

INSTRUCTION

BOOKLET



RSC NERAD Schools’ Analyst Competition 2001

2

Analytical Chemistry is all about solving problems. The context could be environmental analysis
such as the experiment that you are doing today, industrial analysis ensuring that an industrial
process works efficiently and that the products are of the correct composition or clinical analysis
analysing patient samples. In all these, analysts have to design experiments, carry them out and
interpret the data.

Today’s exercise is designed to give you a taste the type of work that an Analytical Chemist has to
do. We hope that you find it interesting and challenging and perhaps consider Analytical Chemistry
as a career.

First you will have to decide how to tackle your problem, so that you can distribute the workload
among your team of three so that each of you is always busy. Then you will need to carry out the
experiments, perform the calculations and make some decisions based on the data obtained. A few
questions complete the exercise.

You should already have enough background knowledge (but feel free to ask a demonstrator if there
is anything that you do not understand), but you will need to show common sense and good
organisational skills.

It is part of the RSC Schools' Analyst Competition being carried out in several centres and so we
have to operate under the constraints of the competition and keep to time but primarily we hope that
you enjoy doing the exercise.

Please read and understand the instructions before commencing and note that there is a strict
time limit of three hours for the exercise.

.....................................................................................................................................

Health and Safety

This is a practical exercise, so normal rules for safety in the laboratory apply.

Wear laboratory coats and safety spectacles at all times.

Do NOT eat or drink in the laboratory.

Always use the pipette fillers provided, and handle glassware carefully to avoid breakage
and cuts.

Keep long hair under control.

IF IN DOUBT ABOUT ANYTHING THEN ASK A DEMONSTRATOR.

......................................................................................................................................

THE ORGANISERS THANK YOU FOR PARTICIPATING AND WISH YOU ALL THE BEST
FOR YOUR FUTURE.
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Dead fish: a pollution incident
It is a fine April morning and on the way to
school you walk along the bank of the river
which runs by your school. This morning you
notice something unusual - fish floating on the
surface - dead fish. At school you discuss this
with your Chemistry teacher and he agrees to
help you do some experiments to see if you can
determine what is poisoning the fish.

Firstly you must consider the likely suspects!
Upstream of the school are Zenda plc a
chemical company producing organic
chemicals for the manufacture of dyestuffs and
for use as intermediates in pharmaceutical
synthesis, Alf Pikureown’s farm with apple
orchards and other soft fruit and a recently
built Wimp and Barrack housing estate.

You cannot test for all the possible compounds
made by the Zenda factory but these are likely
to be oxidisable and thus could reduce the
levels of dissolved oxygen. The natural level of
water saturated with oxygen is 10 mg L-1 at
15oC. The actual levels of oxygen may vary
considerably and it can be more useful to
measure the material which could given time
deplete the oxygen - this is known as oxygen
demand. One test for this is to measure the
permanganate value. The water is reacted with
excess permanganate which oxidises the
organic compounds present. The unreacted
permanganate can be found by titration and
from the amount of permanganate that had
reacted, an estimate of the equivalent amount
of oxygen can then be calculated. A
permanganate value of more than 5 mg O2 L

-1

would indicate significant pollution by organic
matter.

A second general test is to measure pH. This will tell you if there is significant pollution from either
acids or alkalis. Pure water in equilibrium with the atmosphere has pH5.5 but anywhere in the
region pH5 to pH9 can be considered to be acceptable. In this case since only an indication of pH is
required it is sufficient to use Universal Indicator paper to estimate pH.

On your way to school you noticed a large number of bags labelled Bordeaux Mixture at Alf
Pikureown’s farm. Bordeaux Mixture, copper sulphate and lime, is so called because it was
developed at a Bordeaux vineyard. The vintner suffered from passers-by stealing his grapes so he



RSC NERAD Schools’ Analyst Competition 2001

4

spayed them to make them look poisonous. It was soon discovered that the mixture was an excellent
fungicide and it is now used on in early spring just before growth of foliage. Copper(II) ions are
toxic (LD50 ) to fish at a level of around 1.0 mg L-1.

Finally the housing development. You recall that there has recently been a story in the local press
concerning incorrect plumbing in many houses on the estate with sinks being connected to run-off
rather than the main sewer. This could lead to detergents in the river. These are toxic (LD50 ) to fish
at around 50 mg L-1.

Your task today is to make the measurements on the sample provided and then deduce, if possible,
what is the source of the pollution.

Planning

To be successful you will need to plan how each member of the group will use their time. Our
estimate of the time required for the experiments is

Permanganate value 2.0 - 2.5 h
pH (paper test)     5 mins
Copper analysis 1.5 - 2.0 h
Detergent analysis 2.5 - 3.0 h
Calculations 0.5 - 1.0 h each

Although this is an entirely fictitious problem, designed by Dr Roger Jewsbury and colleagues at the
University of Huddersfield, river pollution is a serious problem. In the early hours of the morning of
04 March 1998, a pollution incident in the River Dun in Berkshire caused the death of the entire
stock of a trout farm, 200 tonnes of fish. Later that month with the incident still unexplained, the
owner of the trout farm offered a £100,000 reward to the first scientist to solve the mystery.

I don't know whether the reward was ever claimed, but the Environment Agency eventually
concluded that the probably cause was a natural toxin produced by bacteria that had flourished in
unusual conditions.

We cannot offer a £100,000 reward today but we hope that you find this problem interesting...........
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1. Determination of Permanganate Value Index

In this experiment you determine the oxygen demand by permanganate value index (PVI).
Excess permanganate is added to your sample and allowed to react with the oxidisable
material. The unreacted permanganate is then reacted with excess oxalate. The unreacted
oxalate estimated by a back titration with permanganate. The permanganate which reacted
with the sample is calculated and the result converted to an oxygen demand.

Equipment

Hotplate
2 x 400ml beakers
2 x 150ml conical flasks
Stop-clock
2 x 25ml pipettes
5ml pipette
10ml measuring cylinder
50ml burette
White tile

Plastic funnel
250ml beaker
Wash bottle containing deionised water
Pipette filler
Pasteur pipette
4 x 10-4 M potassium permanganate solution
2M sulphuric acid
0.005M sodium oxalate solution

Procedure

Determine the PVI on the test sample and a blank. Retain the blank to do the standardisation of the
permanganate. Repeat both procedures.

(Note: Be sure to use pipettes for all accurate volumes.)

1.1 Prepare a water bath by half-filling two 400ml beakers with (hot) water and bringing to the
boil on a hot-plate.

1.2 Add 25ml of sample to a conical flask.

1.3 Add 5.0 ± 0.5ml of 2M sulphuric acid and mix by swirling gently.

1.4 Heat the flask and contents for 10 ± 2 minutes in one of the boiling water baths.

1.5 Add 25.0 ± 0.05ml of 4 x 10-4 M potassium permanganate and commence timing, continuing
to heat.

1.6 10 ± 0.25 minutes later add 5.0 ± 0.05ml of 0.005M sodium oxalate solution.

1.7 Remove the flask from the bath (solution should be colourless) and titrate the contents
whilst still hot with 4 x 10-4 M potassium permanganate reagent to a faint pink colour, which
lasts for 30 seconds. Let the titre be a ml.

1.8 Add 25 ml of distilled water to a conical flask and carry out a blank determination following
steps 1.3 to 1.7 above. Let the titre be b ml. Keep the solution for the next part.
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Standardisation of Potassium Permanganate Reagent

1.9 To the solution retained from step 1.8, add 5.00 ± 0.05ml of 0.005M sodium oxalate
solution.

1.10 Titrate with the 4 x 10-4 M potassium permanganate reagent to a faint pink colour which
persists for 30 seconds. Let the titre be s ml.

1.11 Obtain duplicate values by repeating the steps 1.1 to 1.11.

Calculation

The calculation is straightforward but lengthy and the method and volumes used have been selected
to simplify the calculation.

PVI a b
s

= −16( )   mg oxygen/litre

Chemical background

Potassium permanganate (KMnO4) is a very strong oxidising agent, being itself reduced to Mn2+

under acidic conditions. The disappearance of KMnO4 can be readily observed as it has an intense
purple colour whereas aqueous Mn2+ is very pale in colour. KMnO4 should oxidise all the species
which react with oxygen. It reacts quite rapidly, but to ensure that the reactions are complete for
the titration, the solutions are heated.

KMnO4 is so reactive that it is unstable and cannot be obtained in a sufficiently pure state to be a
primary standard. In this method, its concentration is determined by reaction with sodium oxalate
solution of known concentration. The oxalate (C2O4

2-) is oxidised to CO2.
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2. Determination of Anionic Detergents

The anionic detergent forms a complex with methylene blue in alkaline solution which can be
extracted into dichloromethane. This is then washed with an acidic aqueous layer containing
methylene blue to give a blue complex absorbing at 650 nm which is measured by visible
spectroscopy.

Equipment

Visible spectrophotometer
1cm path-length cells
2 x 250ml separating funnels
100ml measuring cylinder
2 x 5ml pipettes
2 x 10ml pipettes
2 x 25ml pipettes
3 x filter funnels
12cm No.1 Whatman filter paper

3 x 50ml bottles or volumetric flasks
Deionised water
Pipette filler
Alkaline phosphate solution
Neutral methylene blue solution
Acid methylene blue solution
Dichloromethane
Standard surfactant solution (1ml contains 10µg
surfactant)

Procedure

2.1 Pipette 10 ml of standard surfactant solution into a 250ml separating funnel and add
deionised water to give a total volume of 100 ± 5ml.

2.2 Add 10.0 ± 0.1ml of alkaline phosphate solution. Mix well.

2.3 Add 5.0 ± 0.1ml of neutral methylene blue solution. Mix well.

2.4 Add 50.0 ± 0.5ml of dichloromethane, stopper the funnel and extract the solution by shaking
gently for about 1 minute. Carefully invert the funnel to ensure good mixing but regularly
loosen the stopper to relieve any build up of pressure.

2.5 Place on a stand and allow the phases to separate and then run the dichloromethane (lower)
phase into a second 250ml separating funnel containing 5.0 ± 0.1ml of acid methylene blue
solution and 100 ± 5 ml of deionised water.

As time is of the essence in this determination, as one separating funnel is separating, the other is
cleaned and prepared ready for the next extraction.

2.6 Shake the second separating funnel for 1 minute and allow the phase to separate.

2.7 Run the dichloromethane phase through a No.1 Whatman filter paper into a small stoppered
flask.

2.8 Repeat the steps 2.1 to 2.7 above using 25 ml of test sample rather than the standard.
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2.9 Prepare a blank solution by treating 100ml of deionised water as described under steps 2.2 to
2.7.

ASK FOR A DEMONSTRATION OF THE USE OF THE SPECTROPHOTOMETER

2.9 Measure the absorption of the standard, blank and test sample solutions on the
spectrophotometer at a wavelength of 650nm.

Calculation

This is a lengthy experiment so there is only time to run one standard. We have previously checked
that the relationship between absorbance and concentration is linear.

Subtract the blank absorbance from both standard and test sample absorbances. Corrected
absorbance is proportional to concentration. Knowing the concentration of standard, calculate the
concentration of the test sample.

Chemical background

Oil, grease and dirt cannot be washed from dishes or
clothing with just water because the two liquids are
immiscible. Molecules which are polar at one end and with
a long hydrocarbon chain can interact with both the water
and the oil. These molecules will accumulate at the interface
between the two layers and thus modify the surface tension.
Such molecules are known as surface active or surfactants.
When used for cleaning they are called detergents.

An anionic detergent will have a negative group such as
SO3

2- at one end. In the water the detergent molecules
aggregate into micelles, spherical groups of molecules with
the charged end on the outside. The oil dust and grease
move into the centre and are thus washed away.

S
O

OO

O

O

O

O

Na
+

Methylene blue is the chloride salt of a large cation. This forms an ion-pair complex with the
anionic detergent and this neutral complex, which has no
surfactant properties, moves to the non-aqueous solvent
layer. The blue colour of the complex can be used to
determine its concentration. See page 10 for a theoretical
explanation of visible spectroscopy.
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3. Determination of Copper(II) ions

Many copper(II) compounds are blue in colour due to an absorption in the red region of the
visible spectrum. The intensity of the absorption and the precise wavelength of the absorption
maximum will depend on the complex but for any particular compound the intensity will be
directly proportional to the concentration. In this experiment a linear calibration graph is
constructed using standards and then the concentration of the test solution determined.

Equipment

Visible spectrophotometer
1 cm path-length cells
1 ml pipette
10 ml pipette
20 ml pipette
10 ml graduated pipette
8 x 100 ml volumetric flasks

Wash bottle containing deionised water
Pipette filler
Pasteur pipette
Cuprizone solution
Copper standard (100mgL-1)
2M ammonia solution (bench top)
1 cm pathlength cuvettes (plastic)

Procedure

3.1 Prepare in a 100ml volumetric flask an intermediate stock solution containing 10mgL-1

copper by dilution of the master copper solution with deionised water.

3.2 Dilute with deionised water appropriate quantities of the intermediate stock solution to give
a series of five standards covering the range 0.2 to 1.0mgL-1 copper. Use 100ml volumetric
flasks adding 20ml of cuprizone solution and 1ml 2M ammonia solution before making to
the mark with deionised water (add the standard copper solution immediately before the
cuprizone reagent).

3.3 Prepare a reagent blank.

3.4 Pipette 10 ml of sample into a 100ml volumetric flask, add 20.0 ± 0.5 ml cuprizone solution
and 1.0 ± 0.1 ml 2M ammonia solution before making to the mark with deionised water.

3.5 Allow the solutions to stand for at least 15 minutes to allow the reaction to go to completion.

ASK FOR A DEMONSTRATION OF THE USE OF THE SPECTROPHOTOMETER

3.6 Measure their absorption on a spectrophotometer at a wavelength of 600nm.

Calculation

Construct a calibration curve and calculate the amount of copper in the sample.
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Chemical background

A good reagent for a metal ion should form a very strong complex with
the metal ion of interest but also be very specific, that is not react with
any other metal ions in solution. Cuprizone,
bis(cyclohexylidenehydrazide) ethanedioic acid, is such a reagent
which is particularly specific for Cu2+ forming a strong complex. As it
forms an intensely coloured complex, the colour can be used to
determine the concentration of the copper(II) ions. See below for
explanation of spectroscopy.

UV / visible spectrophotometry

Light can be split into the spectrum of colours that we see in a rainbow; different colours signify
different wavelengths and, therefore, different energies. We call a beam of light of one colour
monochromatic. Light will be absorbed by an atom, ion or molecule when the energy of one quantum
of a particular wavelength of light matches the energy required to cause an electron in an outer
orbital to jump to a higher energy level.

Each absorption band is caused by the transition between a given pair of energy levels; because the
energy level differences vary with different electronic structures, absorption spectra can often be used
to help identify the analyte atom, ion or molecule.

The technique of spectrophotometry relies on the absorption of light by the analyte; the intensity of a
beam of light is measured in the absence then presence of analyte and the decrease in transmitted
intensity is used to determine the analyte concentration.

I I0
light detector

mono-
chromatic

The Beer-Lambert law expresses the relationship between absorption and concentration:

 A = εεεεcb

where A = absorbance,   ε = molar absorptivity (L mol-1 cm-1), c = concentration (mol L-1)  and b =
optical pathlength (the distance that light travels through the sample, in cm).  If this relationship is
valid, then a graph of absorbance against concentration for a solution will be a straight line which
passes though the origin.

This is the basic equation of spectrophotometry. The spectrophotometer can only measure the
intensity of light, however, so we need an additional relationship linking absorbance to I and I0.
This is A = log (I0/I).

O

ON
N

H

N
N H
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Results

1.  Determination of Permanganate Value Index

Test solution titre

Blank titre

Standardisation titre

Quote uncertainty in burette readings  ____________ .

PVI = mg O2 L
-1.

Estimate of uncertainty

Very roughly, the relative uncertainty in the answer will be very similar to the relative
uncertainty in the most uncertain step. Identify the most uncertain step in the method. Use
this to work out an uncertainty in your answer.

PVI  =  _________   ±   _________ mg O2 L
-1.

Working out:
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2. Determination of anionic detergents

Absorbance of standard

Absorbance of blank

Absorbance of test solution

Corrected absorbance of standard

Corrected absorbance of test sample

Concentration of standard

(Do not forget when working out concs. that you used 10 ml of standard but 25 ml of test sample.)

Concentration of  test sample  _______________________________ mg L-1

Estimate of uncertainty

Very roughly, the relative uncertainty in the answer will be very similar to the relative
uncertainty in the most uncertain step. Identify the most uncertain step in the method. Use
this to work out an uncertainty in your answer. (Assume extraction introduces a 10%
uncertainty.)

Concentration of  test sample  _______________   ±   ______________ mg L-1

Working out:
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3. Determination of Copper(II) ions

Standard solutions

Concentration:

Absorbance:

(attach calibration graph)

Absorbance of test solution _________________

Absorbance of test solution - absorbance of blank _________________

Concentration of copper(II) in solution (from graph): __________________  mg L-1

(keep to a realistic number of significant figures)

Concentration of copper(II) in river water: __________________  mg L-1

Estimation of uncertainty

Obtain a very rough estimate of the uncertainty in the answer by looking at the distance
between the points and the fitted line on your calibration graph. Assume for simplicity that
all the error is in the reading. Use the data point which is furthest from the line and convert
an error in the reading to an error in the concentration and assume that this will be the worst
case uncertainty in the concentration of the answer.

Concentration of  copper(II) in river water sample is _________  ±  _________  mg L-1

Calculations:
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Results and conclusion.

Enter your results here with your estimates of the uncertainty in the answers and units.

(Use a realistic number of significant figures.)

Permanganate value index ___________  ±  ____________

Surfactant concentration ___________  ±  ____________

Copper (II) concentration ___________  ±  ____________

pH ___________  ±  ____________

Your conclusion about the cause of the death of the fish.

(Comment on what you deduce from each of the values.)
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Questions

1 What are the oxidation states of:

i) Mn in KMnO4

ii) C in Na2C2O4

2 Give a balanced equation for the reaction of permanganate (MnO4
-)with oxalate(C2O4

2-).

3 Why might the PVI not give a reliable measure of oxygen demand?

4  What are the characteristic structural features of a detergent molecule?

5 The fungicidal properties of Bordeaux Mixture come from the copper(II). What advantage
might there be in including lime in the mixture?
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6 What is the Beer-Lambert law?

7 Can you derive the formula for the PVI calculation?


